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Abstract
The recent COVID-19 pandemic has caused significant societal impacts. Besides
loss of life there were large additional costs incurred by every country including the
treatment of patients and costs to implement response plans. The pandemic resulted
in major economic disruptions and stalled growth worldwide due to travel bans,
lockdowns, social distancing, and non-essential business closures. Public health offi-
cials in almost every country implemented and encouraged Nonpharmaceutical
Interventions (NPIs) such as contact tracing, social distancing, masks, and isolation.
Human behavioral decision-making concerning social isolation was a major hindrance
to the success in curbing the pandemic worldwide. In many developing countries
individuals’ choices were motivated by the competing risk of losing jobs, and daily
income. In this chapter we focus on human behavior concerning social isolation in the
context of decision-making during the pandemic. We developed a conceptual frame-
work and deterministic model that integrated evolutionary game theory within our
disease transmissionmodel.We illustrate scenarios numerically simulating the model.
This study highlights the idea that human behavior is an important component in
successful disease control strategies. Economic resilience, especially in low-income
countries, can improve public understanding and uptake of NPIs.
Keywords: COVID-19, nonpharmaceutical interventions, cultural dimensions,
human behavior, policy resistance, communication, mathematical model, game
theory
1. Introduction
A month before the Chinese Spring Festival, the Chinese government reported
multiple cases of pneumonia of unknown etiology in Wuhan, Hubei Province,
China in December 2019. On January 20, 2020, there were 282 confirmed cases in
and aroundWuhan, of which 51 were severely ill, 12 were in a critical condition and
six deaths as reported to the World Health Organization (WHO) [1]. Three days
later public health officials in China implemented strict control measures in Wuhan
with a complete lockdown of the population that lasted 76-days. Wuhan is the
largest city in Hubei province with a population of over 14 million people [2].
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A week later on January 30 2020, WHO declared this outbreak a public health
emergency of international concern (PHEIC). The outbreak was caused by a novel
coronavirus, SARS-CoV-2, and the disease was named COVID-19 [3, 4]. Since then,
almost all countries started implementing several Nonpharmaceutical Interventions
(NPIs) such as contact tracing, social distancing, mask wearing, self- isolation,
school closures, business closures and countrywide lockdowns at different levels of
strictness to stop the spread of the disease.
At the beginning of a pandemic several NPIs can be implemented by public
health officials as a way to slow disease transmission until an effective vaccine or
antiviral treatment becomes available. Implemented public health measures place
restrictions on individuals and understanding how individuals respond and whether
they are likely to comply or break new rules is extremely important. Measures can
theoretically greatly influence and reduce the spread of the infection. However,
human choice and self-interest chosen over altruism, among many other factors,
can hamper NPI effectiveness and disease control efforts.
For example, lockdowns and self-isolation (self-quarantine) can be highly
effective in reducing transmission but can result in population-wide socioeconomic
and psychosocial impacts [5]. Adverse effects from extended isolation have been
reported in a number of groups including children and adolescents [6, 7], immi-
grant workers [8, 9] and adults [10, 11]. Children experienced changes to their
eating habits, sleep disturbances, depression and symptoms of anxiety [12–14].
Adults reported increased mental health issues, anxiety, stigma, depression, alcohol
related harm, and domestic violence [10, 11, 15].
There are a number of demographics, social and psychological factors under-
pinning engagement with quarantine, lockdown, and compliance with public health
directives regarding personal protective behaviors. Factors include perception of
susceptibility to the infection, severity of the infection, perception of the effective-
ness of ongoing public health measures, and their ability to conduct the activity
safely (self-efficacy) [16]. One of the main reasons identified in research literature
for non-adherence to quarantine and self-isolation is the perception of lower risk for
the disease or having fewer risk factors [17]. Psychological fatigue is also suggested
as a possible reason for NPI non-compliance [18, 19].
While cultural and social factors might be challenged by fear [20], the economic
difficulty faced by some groups and especially minorities in some places, plays a
role in human choice. This might partly explain the disproportionate COVID-19
incidence and mortality faced by minorities in the US, Australia, Canada, and the
UK [21–24]. Similarly, migrant workers in low-income countries are also an
economically vulnerable population group [25]. Thus, cultural dimensions (see
Figure 1) can greatly affect uptake and adherence to NPIs ([26–30] as well as
disease transmission and mortality [31].
Initial and ongoing compliance by individuals is promoted by the existing level
of infrastructure, resources, stockpiles, inter-pandemic planning, communication
efforts from authoritative sources and the country’s capacity. People afraid of con-
tracting a viral infection will adhere to the best hygienic procedures, use masks,
practice social distancing and avoid crowded places. While such measures act to
delay the spread of viral diseases, like COVID-19, it will not completely protect the
population. Public health directives that seek to reduce population-level risk factors
and disease transmission are closely aligned with the idea of each individual prac-
ticing the best hygienic procedures, collectively, to achieve high compliance.
Indeed, economic growth and capacity as measured by gross domestic product
(GDP) provides a measure of the pre-existing infrastructure to maintain and
enforce law and order, regulate economic activity, and provide public goods during
a protracted pandemic wave [32]. Many countries in less-developed parts of the
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world lack this capacity and are more vulnerable to system shocks like pandemics
that disrupt economic growth and reduce GDP (Figure 2) [33].
Two decades ago, British psychologist James Reason introduced the Swiss
Cheese Model to describe how failures in complex systems occur [34]. In his model
he suggested that multiple defenses can be in place, whose function is to protect
individuals from hazards, but these can possess inherent weaknesses. Multiple
safeguards or barriers are like slices of Swiss cheese, having many transient holes.
Having holes in any one “slice” does not normally cause a bad outcome. If the holes
in many layers line up so they permit a trajectory of accident opportunity through
the layers, then it allows for hazard exposure resulting in victims. The holes in the
established defenses arise for two reasons: active failures and latent conditions.
Nearly all adverse events involve a combination of these two sets of factors.
Google mobility data trends reported from mid-February to mid-December
2020 provide insight into the conditions and active failures during the COVID-19
Figure 1.
A comparison of six cultural dimensions among six countries. For discussion see the text. (data source: https://
www.hofstede-insights.com/).
Figure 2.
Daily new cases and lockdown stringency index for the six countries. The day ‘0’ starts with the date January 22,
2020. The percentage reduction in the growth rates of GDP in 2020 due to COVID are as follows: India
10.29%, US -5.91%, Nigeria 3.41%, Italy 10.6%, Japan 5.27%, UK -10.2%. Data source: Our world
in data, https://ourworldindata.org/covid-mobility-trends, and https://www.statista.com.
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pandemic stemming from changes in human behaviors. In India (Figure 3a) there
was good compliance at the beginning of the 74-day lockdown that began on March
25, 2020. However, as the lockdown progressed movement in all tracked mobility
categories slowly increased until the end of lockdown. Retail and recreation showed
an increase at the beginning of the lockdown as some people ignored social isolation
to maintain their livelihoods.
Unlike India, the United States (Figure 3b) did not implement a nationwide
lockdown, instead many states put in place lockdowns of various lengths ranging
from 20–267 days (many states began lockdowns during the third week of March
2020). Compliance remained high for the first month and slowly mobility in all
categories increased. Notably, mobility to parks and other open spaces increased
significantly as shorter lockdowns in some states ended as spring weather arrived.
Nigeria (Figure 3c) imposed a 13-day lockdown on March 30 2020 with good
compliance. Once the short lockdown ended mobility trended back upwards
towards normal levels over the next two months.
Italy (Figure 3d) implemented a 70-day nationwide lockdown that began on
March 9 2020 after large clusters of cases were reported in Northern regions of the
country. Compliance was good with decreased mobility in all categories except
visits to parks and outside spaces.
Japan (Figure 3e) was one of the few countries that did not use a lockdown
strategy, mobility decreased to transit stations, retail businesses and workplaces as
people followed government guidance and avoided hotspot areas and mass gatherings.
The UK (Figure 3f) used a 112-day nationwide lockdown that began on March
23, 2020 with good compliance during the first month then mobility increased in all
categories. Changes in mobility were similar to what was observed in the United
States and Italy. People in the UK spent increasing amounts of time outdoors and in
parks during the lockdown [35].
The Swiss Cheese Model can be applied to pandemic defenses or safeguards
showing that there are two levels protecting people: personal and interpersonal
safeguards. When applying the Swiss Cheese Model to COVID-19 the pandemic
barriers which can fail are the early NPIs such as social distancing, self-isolation and
Figure 3.
Google mobility trends: Movement of people during COVID-19 lockdown period: (a) India, (b) United States
(MA-Massachusetts, MI-Michigan, NY-New York, and WI, OR - Wisconsin, Oregon), (c) Nigeria, (d) Italy,




lockdowns. For the model we group these NPIs collectively as “social isolation”
barriers. In this chapter, we focus on human behavior of social isolation
decision-making during the pandemic and its impact on socio-economic growth.
Integrating evolutionary game theory, economic growth model and a deterministic
disease transmission model, we develop a conceptual framework to analyze the
situation using a Swiss Cheese Model approach. We illustrate the main scenario of
social isolation versus no social isolation and its effects on growth by numerically
simulating the model.
2. Model and methods
We use a deterministic model of ordinary differential equations (ODE):
dS
dt
¼ β 1 xð Þ Aþ Ið Þ S (1)
dE
dt
¼ β 1 xð Þ Aþ Ið Þ S αE (2)
dA
dt
¼ α 1 pð ÞE μAA (3)
dI
dt
¼ αpE μII  μHI  μDI (4)
dH
dt
¼ μH I  μR H  μD H (5)
dD
dt
¼ μD I þ μD H (6)
dR
dt
¼ μAAþ μI I þ μR H (7)
dx
dt
¼ rx 1 xð Þ c1I þ c2D c3 K0  kð Þ=K0Þð Þ  ξ x (8)
dk
dt
¼ σ Sþ Aþ Rð Þ 1 xð Þ þ qxð Þð Þγk1γ  δk chH, 0< q< 1: (9)
with seven states/compartments: susceptible (S), exposed but not infectious (E),
infected but asymptomatic (A), infected and symptomatic (I), isolated or hospital-
ized (H), dead (D), and recovered (R) (see Figure 4). The same letters (S, E, A, I,
H, R, and D) are used notations for the variables that represent the proportion of
individuals in each compartment. In this model, the effective transmission rate
β 1 xð Þ is dependent on the proportion practicing social isolation x whose comple-
ment modulates the disease transmission rate β. See Table 1 for definitions of
parameters and their values.
We also use a population behavior dynamical Eq. (8) to model the dynamical
changes of x in which people abiding to social isolation compare the risks of
infection and fear of death to the relative economic loss. They can also break out of
isolation after an average of 1/ξ days due to fatigue from social isolation. We
postulate that the rate of fatigue ξ is dependent on the six cultural dimensions of
Hofstede (see Figure 1); especially, individualism, long-term orientation, and
indulgence. The constants c1, c2, and c3 reflect also perceptions of risk of infection,
fear of death and degree of damage due to the relative drop in GDP. Those factors
are also related to cultural, social, and economical characteristics of the society. For
instance, the perception of risk of infection might be related to uncertainty
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avoidance, whereas the economic damage might be related to long-term
orientation, masculinity, and socioeconomic status.
The population economic growth/decline is modeled using the Solow economic
model of the per-capita GDP (k ¼ GDP=N) in $1000 with Cobb–Douglas functional
form of investment and production. We assume an initial per-capita GDP of K0.
The per-capita GDP suffers from lack of labor due to isolation except for a fraction q
who are working from home. Also, it decreases due to the hospitalization burden
that costs ch per patient-day.
Figure 4.
Schematic illustration of the COVID-19 SEAIHRD model showing the force of infection β 1 xð Þ Aþ Ið Þ.
Parameters α, μA, μI, μH, μR and μD are the rates of transition between the compartments. The fraction p is the
probability of becoming symptomatic and infectious. The proportion of those who choose to maintain the social
isolation is given by x. The pandemic fatigue rate is ξ.
Parameters Definitions Values References
β Disease transmission rate 0.2306 Calibrated
α Rate of leaving exposed state 1/7 [36]
p Probability of becoming symptomatic 0.75 [37]
μA Recovery rate of asymptomatic 1/14 [38]
μI Recovery rate of infectious 1/30 [38]
μR Recovery rate of hospitalized 1/13 Calculated
μH Rate of hospitalization 1/17 Calculated
μD Death rate from disease 0.01 [39]
r Imitation rate 20 Calibrated
ξ Pandemic fatigue rate 0–0.5 Calibrated
c1 Cost of infection 10–1,000 Calibrated
c2 Fear of death 100–10,000 Calibrated
c3 Sensitivity to relative economic loss 5–500 Calibrated
ch Cost of hospitalization 20,000 Calibrated
σ Investment rate 0.02/365 Calibrated
γ Elasticity 0.3 Calibrated
δ Depreciation rate 0.01/365 Calibrated
K0 Initial per-capita GDP 55,000 Calibrated
q Fraction of labor working with social isolation 0.3 Calibrated
Table 1.
Parameters, their definitions, values and references.
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We use the method of Next-generation matrix [40] to find the basic reproduc-
tion number R0 for the disease model without social isolation (in the beginning of






μI þ μH þ μD
 
: (10)
We use this formula for the basic reproduction number to calibrate some of the
disease model’s parameters at R0 ¼ 2:5 [41].
3. Results
3.1 Model simulation
We simulated the model using the Runge–Kutta method via the function ode45
in MATLAB. The time unit is day. We assume that the epidemic started with 100
Figure 5.
Simulation of (from left to right) the disease prevalence, the proportion of those practicing social isolation, and
per-capita GDP ($1000). The human behavior parameter values are ξ ¼ 0, c1 ¼ 10, c2 ¼ 100, and c3 ¼ 5
for figure panels (a-b), ξ ¼ 0, c1 ¼ 100, c2 ¼ 1000, and c3 ¼ 50 for figure panels (d-f), ξ ¼ 0:1, c1 ¼ 100,
c2 ¼ 1000, and c3 ¼ 50 for figure panels (g-i), and ξ ¼ 0:5, c1 ¼ 100, c2 ¼ 1000, and c3 ¼ 50 for figure
panels (j-l). Prevalence is shown as per 1.
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exposed, 50 asymptomatic and 30 infected individuals in a population of size
11,000,000.
Simulations were performed with values given in Table 1. In particular, when
there is no pandemic fatigue (ξ ¼ 0), we found that people can adhere closely to
social isolation (policy compliance), resulting in a curb in the disease prevalence,
and inflecting and accepting a significant economic burden (at c1 ¼ 10, c2 ¼ 100,
and c3 ¼ 5), see Figure 5 (a), (b), and (c). We found also some fluctuations in
prevalence occurring from human behavior (at c1 ¼ 100, c2 ¼ 1000, and c3 ¼ 50)
(Figure 5(d)) and the choice between performing social distance (policy compli-
ance) (Figure 5(e)) or ignoring public health directives to maintain economic
benefits (i.e. no loss of personal income) (Figure 5(f)). The competing interests
result in waves of the disease due to changing population level of social isolation
versus economic loss from compliance.
In the presence of pandemic fatigue (ξ ¼ 0:1), and at the same perceived costs
(c1 ¼ 100, c2 ¼ 1000, and c3 ¼ 50), fluctuations continue to occur with a smaller
magnitude second wave having a shorter inter-wavelength due to the reduced
periods of compliance to social isolation (Figure 5(g)–(i)). That is, at a high brunt
of economic loss and pandemic fatigue, people might be seen to abandon social
isolation which results in a continuation in the spread of the disease, even when fear
of death was also high. Increasing the pandemic fatigue rate (ξ ¼ 0:5), results in
faster decline in policy compliance and a relatively larger epidemic that does not
seem to be abated nor fluctuating.
In all of the cases, the per-capita GDP dwindles fast during the waves of the
epidemic and slows down as the waves subside, due to the availability of labor and
the decreased hospitalizations.
4. Discussion
4.1 Public health guidance and human choice as influencers
Human choice is an important influencer on disease dynamics, and it is depen-
dent on cultural, social and economic factors that might lead to lack of choice. Our
model results (Figure 5) exhibit that risk of infection, fear of death and the effect of
economic loss are important factors as they influence the behaviors of individuals in
both lower and higher GDP countries. In lower income countries, an individual’s
daily wages depend on socioeconomic growth and GDP of the population. The
majority of the population in low-income countries survive at or below the poverty
line. The World Bank reports there are 33 countries with one-third of the popula-
tion below the extreme poverty line ($1.90 international dollars/day income) and 69
countries with more than half their population living on less than $5.50 interna-
tional dollars/day. The definitions of the poverty line vary considerably among
nations, however, according to the World bank there are 23 countries with 50% or
more of the population living below the nationally designated poverty line deemed
appropriate - as defined by its own authorities [42]. The low-income countries
include many African countries, Latin American countries (Guatemala, Honduras)
or areas suffering military conflicts (Afghanistan, Yemen).
Thus, even small changes in income and GDP will be perceived as a larger
income shock to individuals living near or below the poverty line. Individuals with
very little capacity will ignore pandemic social distancing directives quicker than




The perceived relative economical loss (c3) displays sensitivity of the society to
the change in the GDP. If a country is affluent (as reflected by its higher GDP)
then c3 must be of a small value. These countries are less sensitive to any drop, or
relative drop, in their GDP. Countries with greater capacity are able to erect
more stringent and additional Swiss Cheese Model safeguards. Low-income GDP
countries are more sensitive to the changes in the economic cost, thus their c3 value
will be larger. This results in a fluctuation in human behaviors in relation to the
economical cost which leads to waves of infections. During a pandemic, social
isolation invoked by public health results in a decline in the economy and personal
incomes but when the disease transmission (or the perception of disease transmis-
sion and risk) wanes individuals with lower capacity will relax their social distanc-
ing efforts and change behaviors, returning to work. It results in a resurgence in
infectious disease case numbers, which in turn, often results in public health over-
sight increasing social isolation measures. This effect was observed during the
“second wave” of COVID-19 as relaxed NPI measures resulted in a resurgence of
detected positive cases in the EU, Africa, Asia, North America and South America
[43–45].
4.2 Efficacy, media amplification, and fear as policy resistance influencers
Policy resistance is often cast as a conflict between the Nash equilibrium and the
social optimum coverage [46]. This can be thought of as the tendency for interven-
tions to be defeated by the system’s response to the intervention itself. The role of
fear and fatigue in compliance with policy can lead to resistance. Fear as a construct
can be driven by media coverage.
Previous coronavirus outbreaks Severe Acute Respiratory Syndrome (SARS) and
Middle East Respiratory Syndrome (MERS) displayed an amplification of risk per-
ception due to media coverage of the outbreaks [47, 48]. Studies affirm that indi-
viduals obtain their news about health and medicine from both mass and social
media sources. Daily newspapers, TV channels are one of the biggest influencers of
public perceptions of risk. The media plays an important role informing individuals
about health risks, but it can also distort perceptions through social amplification of
risk. The Social Amplification of Risk Framework (SARF) describes the process
where some hazards and events become the focus of intense social and political
concern and activity (amplification). This occurs even though experts and risk
assessment can establish that the risk is of a relatively low probability, while
other potentially more serious events receive comparatively little public attention
(attenuation). Media coverage can magnify and change perceptions of risk. The
alteration of risk by social amplification creates secondary effects such as stigmati-
zation (of people, places, objects, technologies, and ideas), economic losses, and
changes to regulatory oversight due to mass distortion of public risk perception
[49, 50].
The efficacies of social distancing and media coverage causing amplification of
risk perceptions during COVID-19 are crucial in developing policy acceptance or
resistance. In many countries public health risk communication promoted a
collectivist and altruistic approach while in other countries policy resistance
arose to NPIs through social media. Evidence suggests that belief in conspiracy
theories undermines engagement in pro-health behaviors and support for public
health policies [51].
For example, in the USA expert messaging carried out by the US CDC regarding
mask wearing to protect vulnerable individuals in society became co-opted by social
media’s distortion of risk (ineffectiveness of masks, lowered perception of SARS-
CoV2 infection risk, and as an infringement of personal choice) [52]. Under our
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model social media misinformation regarding the risk factors can alter the effective
transmission rate through the proportion 1 x of those individuals disregarding
mask wearing and social distancing.
4.3 Pandemic fatigue and policy resistance as an influencer
Pandemic fatigue is recognized by the WHO to be natural and expected and is
manifested through the decline in motivation of people to adhere to the
recommended protective behaviors [53]. It is believed that fatigue emerges gradu-
ally [54] and is affected by a number of emotions, experiences and perceptions as
well as the demographic, socio-economical, cultural, structural and legislative envi-
ronment ([55, 56];). During those periods, people will perceive personal, social and
economic consequences of the social isolations [53]. Later, the perceived cost of
infection and potential death will become smaller than the felt loss. For instance,
college students reported physical exhaustion and decreased motivation among
other feelings with more resilience expressed by senior students [57]. An increased
adherence to preventive behavior and avoidance of risky behavior is positively
associated with age [55]. A continued preventive behavior was found to be related
to older ages; however, all ages grew weary of avoiding risky behaviors like meeting
non-household members [55]. The needs of work and low socioeconomic status
intensified the risky behaviors whereas lower education exacerbated both low
adoption of preventive measures and high practice of risky behaviors [55].
Moreover, reports of regional COVID-19 cases and the fear of death increased the
likelihood to implement both preventive measures and avoiding risky behaviors
[55]. The disease-behavior-economic model presented in this chapter, including
many of those aforementioned factors, showed that human behavior through
pandemic fatigue can determine the fate of the epidemic as well as the economic
growth.
One factor to overcome pandemic fatigue is resilience or the human ability to
adapt to the new circumstances and to accept the existence of the disease risk while
coping with it. The WHO recommended four strategies for governments to address
pandemic fatigue: understanding people, engagement of people, acknowledgment
of hardship, and allowing people to live with reduced risk [53].
4.4 Policy reinforcement of social distancing as an influencer
While most countries around the world implemented early, stringent social
distancing policy including lockdowns once the virus began spreading domestically,
the Japanese strategy for the COVID-19 outbreak used voluntary guidance for social
distancing measures and persuasive messaging. Public health authorities
implemented voluntary measures with contact tracing and diagnostic testing.
Widely adopted voluntary compliance behaviors appears to have achieved results
similar to other countries that used more stringent social interventions (e.g., lock-
downs). The policy strategy comes as a trade-off with more healthcare demand and
more deaths than if early stringent control was implemented [58]. The strategy’s
success depends on continued public good will and compliant behaviors. Hofstede
cultural dimensions (see Figure 1) of high uncertainty avoidance, long-term orien-
tation and masculinity in Japan resulted in high compliance with social isolation.
Google mobility data confirms that even in the absence of lockdown the population
avoided public transit (e.g., subways, busses, trains), retail stores, and workplaces
(see Figure 3). The Japanese strategy requires ongoing public health risk commu-
nication efforts to maintain high levels of voluntary compliance.
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Sweden used no lockdown approach with the public health goals of obtaining
herd immunity to COVID-19 (where a threshold is reached where enough of the
population would possess immunity to the virus), and secondly as a strategy to
minimize economic shock impacts [59]. A similar no lockdown approach was also
used in Japan.
In contrast to Japan’s voluntary approach, on January 23 2020 China implemented
an early mandatory, stringent lockdown strategy in Hubei province affecting 16 cities
(including Wuhan) restricting movement of about 57 million people [60]. The
unprecedented scale of this lockdown was controversial resulting in an exodus of
people out of Wuhan just prior to the lockdown which could have spread the virus.
The strategy placed a cordon sanitaire around the city of 11 million people which
raised ethical concerns [61]. After 76 days on April 8 2020 Wuhan ended its lock-
down [62]. While the Wuhan lockdown was considered a draconian and unprece-
dented strategy, experts estimated that lockdown in the city of Wuhan prevented
between 0.5–3 million infections and 18,000–70,000 deaths at the expense of the
economy and in terms of restrictions to personal freedoms [63]. Other countries
followed and implemented similarWuhan-style lockdowns including Italy (provinces
of Lombardy and Veneto), Spain, Russia, India and the Philippines [64, 65]. In this
way China acted as an “influencer” or role model for other countries that adopted the
same type of lockdown, this is an example of reinforcement.
4.5 Economy and outcome inelasticity - social intervention failure as an
influencer
Economic downfall due to social interventions including lockdown during
COVID-19 have occurred especially in Low- and Middle-Income Countries
(LMICs). Other countries like India and Kuwait showed that social interventions
failed to effectively reduce local transmission occurring within large migrant
laborer populations. The inelasticity occurred with migrant workers in another
country (e.g., Indian migrant workers in Kuwait) or workers moving from one state
to another state in their home country (e.g., India) [25, 66].
The vast majority of the migrant workers who traveled to Kuwait for work had
very limited means. Non-Kuwaiti migrant workers make up more than 60% of the
total population and are mostly employed in low-skilled sectors and domestic work.
Migrant workers in Kuwait live in cramped dormitories with poor housing condi-
tions having unmaintained and shared toilets, and poor or no ventilation. The lack
of social distance and sanitation among occupants resulted in increased COVID-19
transmission among migrant workers [67].
In India, migrant workers usually live and work in megacities under crowded
conditions that do not permit social distancing, putting them at an increased risk for
disease transmission. Moreover, migrant workers in many LMICs have difficulty
gaining access to health care services since they lack health insurance and lack of
access to healthcare facilities as a result of administrative barriers [25]. During the
COVID-19 pandemic migrant workers from LMICs face conditions that promote
inelasticity (communal overcrowded housing, fear of job loss, unsanitary condi-
tions, withheld income and lack of social distancing). Higher GDP countries also
encounter this effect but to a much lesser degree with migrant workers (e.g.,
Canada’s Temporary Foreign Worker Program that allows an employer to hire a
foreign worker to help harvest crops and fruit) [68]. Many low-income individuals
and migrant workers simply cannot adhere to social interventions that reduce
transmission risk due to their situation. Their behavioral responses result in
unintentional non-compliance and outcome inelasticity.
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5. Conclusion
In controlling and managing infectious diseases through social isolation, dis-
tancing or vaccination, the role of individual choice is becoming an increasingly
important driver that subsequently affects underlying disease burden among the
population. In particular, human behavior and social interactions played a signifi-
cant role affecting the magnitude of the COVID-19 pandemic. Major factors behind
such behavioral interactions are losing jobs and forgoing daily income from social
distancing, fatigue from social isolation, and/or conscious or unconscious exploita-
tion of uncertainty due to lack of awareness and knowledge. Thus, the dynamics of
controlling infection through social isolation is a potentially complex interplay
between individual behaviors and disease dynamics, informed by the perceived cost
of being socially isolated and infection risks [69]. This complex interplay can be
seen as a strategic game and is conveniently modeled and analyzed using the
mathematical framework provided by Game Theory [70, 71]. Such behavior-
prevalence game theoretical models have already explored vaccine exemption
behavior for endemic diseases [72] but there is less emphasis on behavioral interac-
tions like social distancing, especially analysis from the perspective of cultural
dimensions of populations and also their socioeconomic conditions. The current
study opens up a forum for further research on how individual choice, especially at
the population level, is of utmost concern for public health policymakers to curb a
pandemic.
Our model scenario highlights the interplay between economic impact and
human choice in social distancing measures. Individuals with limited resources
must choose between complying with public health guidance (a collectivist
approach where personal actions can help the population) at the expense of losing
income that is necessary for basic sustenance (an individualist approach). Changes
in public policy are essential to combat the long-standing problems associated with
health and economic inequities since these are more pronounced during a health
care crisis, such as the COVID-19 pandemic.
To address these inequities there needs to be changes in public policy during
inter-pandemic phases to ensure planning in place that is activated at the beginning
of an outbreak. Policies should act to provide increased resilience and capacity at
the beginning of an outbreak to minimize economic losses. Both the public and
private sectors can put planning in place to reduce the magnitude of the economic
disruption from NPI compliance in the workforce, supply chains, and healthcare
system to prevent unforeseen economic crises.
It was suggested that sharing or pooling of available resources and
networking can occur at several different levels including: the individual, house-
hold, local community, city, state or province, regional and national scale as a
strategy to increase resilience and avoid negative mental health and economic
outcomes [73].
Pandemic crises such as COVID-19 have particular characteristics within a
complex system requiring a number of different types of resilience be addressed
including population health resilience (the population recovering from the disease),
healthcare system resilience (the recovery of the healthcare system), economic
resilience (recovery from the economic consequences) and psychological resilience
(individual recovery from fear, anxiety, depression) [74].
In the context of the COVID-19 pandemic drawing on the different types
of resilience can reduce psychosocial effects such as depression, anxiety, stress
and non-compliance to public health NPIs during curfew, self-isolation and
lockdowns. Indeed, previous studies have shown that resilience decreases the
negative effects of stress both at the individual and regional levels [75, 76].
12
Viral Outbreaks
The city, regional and country-level attention and support for designated
essential workers is important to ensure that they are adequately equipped and
compensated for vital services performed to maintain public health standards
[74, 75, 77].
Acknowledgements
Dr. Tamer Oraby thanks Dr. Susie Elsaadany (Department of Pathology and
Laboratory Medicine, University of Ottawa) for the continuous critical discussions
and insights regarding COVID-19 modeling.
Author details
Tamer Oraby1, Michael G. Tyshenko2 and Samit Bhattacharyya3*
1 School of Mathematical and Statistical Sciences, The University of Texas Rio
Grande Valley, Edinburg, TX, USA
2 McLaughlin Centre for Population Health Risk Assessment, Faculty of Medicine,
University of Ottawa, Ottawa, ON, Canada
3 Department of Mathematics, School of Natural Sciences, Shiv Nadar University,
Gautam Buddha Nagar, Uttar Pradesh, India
*Address all correspondence to: samit.b@snu.edu.in
© 2021 TheAuthor(s). Licensee IntechOpen. This chapter is distributed under the terms
of theCreativeCommonsAttribution License (http://creativecommons.org/licenses/
by/3.0),which permits unrestricted use, distribution, and reproduction in anymedium,
provided the original work is properly cited.
13
Human Cultural Dimensions and Behavior during COVID-19 Can Lead to Policy Resistance…
DOI: http://dx.doi.org/10.5772/intechopen.96689
References
[1]Wang D., Hu B., Hu C., et al. 2020.
Clinical Characteristics of 138
Hospitalized Patients With 2019 Novel
Coronavirus–Infected Pneumonia in
Wuhan, China. JAMA. 323(11):1061–
1069. doi:10.1001/jama.2020.1585
[2] Sun G. Q., Wang S. F., Li M. T., Li L.,
Zhang J., Zhang W., Jin Z., and Feng G.
L. 2020. Transmission dynamics of
COVID-19 in Wuhan, China: effects of
lockdown and medical resources.
Nonlinear Dynamics, 1–13. Advance
online publication. https://doi.org/
10.1007/s11071-020-05770-9
[3]WHO. 2020a. Statement on the
second meeting of the International
Health Regulations (2005) Emergency
Committee regarding the outbreak of
novel coronavirus (2019-nCoV). World
Health Organization , Geneva,







[4]WHO. 2020b. Naming the
coronavirus disease (COVID-19) and







[5] Bonaccorsi G., Pierri F., Cinelli M.
et al. 2020. Economic and social
consequences of human mobility
restrictions under COVID-19. Proc. Natl.
Acad. Sci. U S A, 117,15530–15535. doi:
10.1073/pnas.2007658117.
[6] Clemens V., Deschamps P., Fegert J.
M. et al. 2020. Potential effects of
"social" distancing measures and school
lockdown on child and adolescent
mental health. Eur Child Adoles Psy, 29,
739–742. doi:10.1007/s00787-020-
01549-w.
[7] Singh S., Roy D., Sinha K. et al.
2020a. Impact of COVID-19 and
lockdown on mental health of children
and adolescents: A narrative review
with recommendations. Psych. Res. 293,
113429 doi:10.1016/j.
psychres.2020.113429.
[8] Liem A., Wang C., Wariyanti Y. et al.
2020. The neglected health of
international migrant workers in the
COVID-19 epidemic. Lancet Psych. 7:
e20. doi:10.1016/S2215-0366.2030076-6.
[9] Page K. R., Venkataramani M.,
Beyrer C. et al. 2020. Undocumented U.
S. immigrants and Covid-19. N. Engl. J.
Med. 382, e62. doi:10.1056/
NEJMp2005953.
[10] Bradbury-Jones C. and Isham L.
2020. The pandemic paradox: The
consequences of COVID-19 on domestic
violence. J. Clin. Nurs. 29, 2047–2049.
doi:10.1111/jocn.15296.
[11]Mackolil J. and Mackolil J. 2020.
Addressing psychosocial problems
associated with the COVID-19
lockdown. Asian. J. Psych. 51,102156.
doi:10.1016/j.ajp.2020.102156.
[12] Cellini N., Canale N., Mioni G. et al.
2020. Changes in sleep pattern, sense of
time and digital media use during
COVID-19 lockdown in Italy. J. Sleep
Res, e13074. doi:10.1111/jsr.13074.
[13]Di Renzo L., Gualtieri P., Pivari F.
et al. 2020. Eating habits and lifestyle
changes during COVID-19 lockdown: an
Italian survey. J. Transl. Med. 18, 229.
doi:10.1186/s12967-020-02399-5.
[14]Gualano M. R., Lo Moro G.,
Voglino G. et al. 2020. Effects of
Covid-19 Lockdown on Mental Health
14
Viral Outbreaks
and Sleep Disturbances in Italy. Int. J.
Environ. Res. Public Health, 17. doi:
10.3390/ijerph17134779.
[15] Clay J. M. and Parker M. O. 2020.
Alcohol use and misuse during the
COVID-19 pandemic: a potential public
health crisis?. The Lancet. Public health,
5(5), e259. https://doi.org/10.1016/
S2468-2667(20)30088-8.
[16] Bavel J. J. V., Baicker K., Boggio P.
S., Capraro V., Cichocka A., Cikara M.,
Crockett M. J., Crum A. J., Douglas K.
M., Druckman J. N., et al. 2020. Using
social and behavioural science to
support COVID-19 pandemic response.
Nat Hum Behav, 4(5), 460–471.
[17] Teh B., Olsen K., Black J., Cheng A.
C., Aboltins C., and Bull K. 2012. Impact
of swine influenza and quarantine
measures on patients and households
during the H1N1/09 pandemic. Scand J
Infect Dis. 44(4):289–296. doi: 10.3109/
00365548.2011.631572.
[18]Mahase E. 2020. Covid-19: Was the
decision to delay the UK's lockdown
over fears of "behavioural fatigue" based
on evidence? BMJ. Aug 7;370:m3166.
doi: 10.1136/bmj.m3166.
[19] Seale H., Dyer C., Abdi I.,
Rahman K. M., Sun Y., Qureshi M. O.,
Dowell-Day A., Sward J. and Islam M. S.
2020. Improving the impact of
Nonpharmaceutical Interventions
during COVID-19: examining the
factors that influence engagement and
the impact on individuals. BMC Infect
Dis. 20(1), 607. https://doi.org/10.1186/
s12879-020-05340-9.
[20]Dubé E., Laberge C., Guay M.,
Bramadat P., Roy R., and Bettinger J.
2013. Vaccine hesitancy: an overview.
Hum Vaccin Immunother. Aug;9(8),
1763–73. doi: 10.4161/hv.24657.
[21] Alcendor D. J. 2020. Racial
Disparities-Associated COVID-19
Mortality among Minority Populations
in the US. J Clin Med. 9(8), 2442. h
ttps://doi.org/10.3390/jcm9082442
[22] Kirby T. 2020. Evidence mounts on
the disproportionate effect of COVID-
19 on ethnic minorities. The Lancet.
Respiratory Medicine, 8(6), 547–548. h
ttps://doi.org/10.1016/S2213-2600(20)
30228-9
[23]Niedzwiedz C. L., O'Donnell C. A.,
Jani B. D., Demou E., Ho F. K., Celis-
Morales C., Nicholl B. I., Mair F. S.,
Welsh P., Sattar N., Pell J. P. and
Katikireddi S. V. 2020. Ethnic and
socioeconomic differences in SARS-
CoV-2 infection: prospective cohort
study using UK Biobank. BMC
Medicine, 18(1), 160. https://doi.org/
10.1186/s12916-020-01640-8.
[24] Subedi R., Greenberg L., and
Turcotte M. 2020. COVID-19 mortality
rates in Canada’s ethno-cultural
neighbourhoods. Statistics Canada,




[25] Suresh R., James J., and RSJB. 2020.
Migrant Workers at Crossroads-The
Covid-19 Pandemic and the Migrant
Experience in India. Soc Work Public
Health. Sep 1;35(7):633–643. doi:
10.1080/19371918.2020.1808552.
[26]Germani A., Buratta L.,
Delvecchio E., and Mazzeschi C. 2020.
Emerging Adults and COVID-19: The
Role of Individualism-Collectivism on
Perceived Risks and Psychological
Maladjustment. IJERPH, 17(10), 3497. h
ttps://doi.org/10.3390/ijerph17103497.
[27]Hofstede G. 2011. Dimensionalizing
Cultures: The Hofstede Model in
Context. Online Readings in Psychology
and Culture, 2(1). https://doi.org/
10.9707/2307-0919.1014.
[28]Huynh T. 2020. Does culture matter
social distancing under the COVID-19
15
Human Cultural Dimensions and Behavior during COVID-19 Can Lead to Policy Resistance…
DOI: http://dx.doi.org/10.5772/intechopen.96689
pandemic?. Safety science, 130, 104872.
https://doi.org/10.1016/j.ssc
i.2020.104872.
[29] Jiang S., Wei Q. and Zhang L. 2020.
Impacts of Cultural Difference on the
Transmission of COVID-19:
Individualism vs. Collectivism. http://d
x.doi.org/10.2139/ssrn.3646229.
[30] Travaglino G. A. and Moon C. 2020.
Explaining Compliance with Social
Distancing During the COVID-19
Pandemic: The Roles of Cultural
Orientations, Trust and Self-Conscious
Emotions in the US, Italy, and South
Korea. https://doi.org/10.31234/osf.io/
8yn5b.
[31] Gelfand M., Jackson J., Pan X.,
Nau D., Dagher M. and Chiu C. 2020.
Cultural and Institutional Factors
Predicting the Infection Rate and
Mortality Likelihood of the COVID-19
Pandemic. 10.31234/osf.io/m7f8a.
[32]Acemoglu D., García-Jimeno C., and
Robinson J. A. 2015. State Capacity and
Economic Development: A Network
Approach. Am Econ Rev., 105(8): 2364–
2409. http://dx.doi.org/10.1257/
aer.20140044
[33]Migdal J. S. 1988. Strong Societies and
Weak States: State-Society Relations and
State Capabilities in the Third World.
New York: Cambridge University Press
[34] Reason J. 2000. Human error:
models and management. BMJ (Clinical
research ed.), 320(7237), 768–770. h
ttps://doi.org/10.1136/bmj.320.7237.768.
[35]Our World in Data. 2020. Google
Mobility Trends. How has the pandemic
changed the movement of people
around the world? June 2. Available at: h
ttps://ourworldindata.org/covid-mob
ility-trends.
[36] Guo, Y. R. et al. 2020. The origin,
transmission and clinical therapies on
coronavirus disease 2019 (COVID-19)
outbreak - an update on the status. Mil
Med Res. 7(1), 11.
[37]Mizumoto K., Kagaya K.,
Zarebski A. and Chowell G. 2020.
Estimating the asymptomatic
proportion of coronavirus disease 2019
(COVID-19) cases on board the
Diamond Princess cruise ship,
Yokohama, Japan, 2020. Euro Surveill.
25(10), 2000180.
[38] Zhou et al. 2020. Clinical course and
risk factors for mortality of adult
inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study.
Lancet. 395(10229), 1038.
[39]CDC. 2020. Severe outcomes among
patients with coronavirus disease 2019
(COVID-19) - United States, February
12–March 16, 2020. MMWR Morb
Mortal Wkly Rep. 69, 343–346.
[40]Diekmann O.; Heesterbeek J. A. P.,
and Metz, J. A. J. 1990. On the definition
and the computation of the basic
reproduction ratio R0 in models for
infectious diseases in heterogeneous
populations. Journal of Mathematical
Biology. 28 (4): 365–382.
[41] Korevaar H. M., et al. 2020.
Quantifying the impact of US state non-
pharmaceutical interventions on
COVID-19 transmission, medRxiv. doi:
10.1101/2020.06.30.20142877, preprint.




[43]Gupta S. 2020. Second wave of
virus? As COVID threatens to plague
world again, many countries go back to
imposing lockdown. India.com,








[44] Vaughan A. 2020. Lockdown
measures return as COVID-19 cases
spike in several countries. June 30. New




[45]Walker M. and Bisserbe N. 2020.
Europe Imposes New Covid-19
Restrictions as Second Wave
Accelerates. The Wall Street Journal.




[46] Bhattacharyya S. and Bauch C. T.
2011. "Wait and see" vaccinating
behaviour during a pandemic: a game
theoretic analysis. Vaccine, 29(33),
5519–5525. https://doi.org/10.1016/j.
vaccine.2011.05.028
[47] Choi D. H., Yoo W., Noh G. Y., and
Park K. 2017. The impact of social media
on risk perceptions during the MERS
outbreak in South Korea. Comput
Human Behav, Jul;72:422–431. doi:
10.1016/j.chb.2017.03.004.
[48] Tyshenko M. G. 2010. Chapter 5:
The Social Amplification of Risk and
SARS as a Risk Issue, in SARS Unmasked:
Risk Communication of Pandemics and
Influenza in Canada. McGill-Queen’s
University Press. Montreal, Canada.
pp. 597 (Monograph).
[49] Kasperson R. E., Renn O., Slovic P.,
BrownH.S., Emel J., Goble R.,
Kasperson J. X. and Ratick S. J. 1988. The
Social Amplification of Risk: A Conceptual
Framework. Risk Analysis, 8(2), 177–187.
[50] Lewis R. E. and Tyshenko M. G.
2009. The impact of social amplification
and attenuation of risk and the public
reaction to mad cow disease in Canada.
Risk analysis : an official publication of
the Society for Risk Analysis, 29(5),
714–728. https://doi.org/10.1111/
j.1539-6924.2008.01188.x
[51] EarnshawV. A., Eaton L. A.,
Kalichman S. C., Brousseau N.M., Hill E.
C. and Fox A. B. 2020. COVID-19
conspiracy beliefs, health behaviors, and
policy support.Transl BehavMed, Oct 8;10
(4), 850–856. doi: 10.1093/tbm/ibaa090.
[52] Romer D. and Jamieson K. H. 2020.
Conspiracy theories as barriers to
controlling the spread of COVID-19 in
the U.S. Soc Sci Med. Oct;263:113356.
doi: 10.1016/j.socscimed.2020.113356.
[53]WHO. 2020c. Pandemic fatigue –
reinvigorating the public to prevent
COVID-19. Policy framework for
supporting pandemic prevention and
management. Copenhagen: WHO
Regional Office for Europe. Licence: CC




[54] Ibuka Y., Chapman G. B., Meyers L.
A., et al. 2010. The dynamics of risk
perceptions and precautionary behavior
in response to 2009 (H1N1) pandemic
influenza. BMC Infect Dis. 2010;10:296.
doi.org/10.1186/1471-2334-10-296pmid:
20946662.
[55] Kim J. K. and Crimmins E. M. 2020.
How does age affect personal and social
reactions to COVID-19: Results from the
national Understanding America Study.
PLoS ONE 15(11): e0241950. https://doi.
org/10.1371/journal.pone.0241950.
[56]Morgul E., Bener A., Atak M., et al.
2020. COVID-19 pandemic and
psychological fatigue in Turkey. Int J Soc
Psychiatry, doi:10.1177/
0020764020941889
[57] Leodoro J. L. and Cherry Ann
Ballad C. A. 2020.Lockdown fatigue
among college students during the
COVID-19 pandemic: predictive role of
personal resilience, coping behaviours,




Human Cultural Dimensions and Behavior during COVID-19 Can Lead to Policy Resistance…
DOI: http://dx.doi.org/10.5772/intechopen.96689
[58]Okuhara T., Okada H., and
Kiuchi T. 2020. Examining persuasive
message type to encourage staying at
home during the COVID-19 pandemic
and social lockdown: A randomized
controlled study in Japan. Patient Educ
Couns. 103(12), 2588–2593. Advance
online publication. https://doi.org/
10.1016/j.pec.2020.08.016.
[59]Ducharme J. 2020. After Months of
Minimal COVID-19 Containment,
Sweden Appears to Be Considering a
New Approach. Time. October 19.
Available at: https://time.com/
5901352/sweden-local-lockdowns/
[60] Kretschmer F. 2020. Wuhan
lockdown: China takes extreme
measures to stop virus spread.




[61] Levenson M. 2020. Scale of China’s
Wuhan Shutdown Is Believed to Be
Without Precedent. January 22. The New
York Times. Available at: https://www.
nytimes.com/2020/01/22/world/asia/c
oronavirus-quarantines-history.html
[62] Che C. 2020. China to Lift
Lockdown Over Virus Epicenter Wuhan





[63] Bei T. 2020. The real reason China is
pushing for a better global response to
the Covid-19 pandemic. The South





[64] Buchholz K. 2020. Strict or Lenient?
COVID-19 Lockdowns Compared.




[65] Lee L., Gan N., and Culver E. 2020.
Lockdowns are being imposed around
the world. China's example highlights




[66] Singh G. P., Arun P., and Chavan B. S.
2020b. Efforts to Minimize the Impact of
Lockdown onMigrantWorkers in India
During the COVID-19 Pandemic. The
primary care companion for CNSDisorders,
22(3), 20com02648. https://doi.org/
10.4088/PCC.20com02648.
[67] Alahmad B., Kurdi H., Colonna K.,
Gasana J., Agnew J., and Fox M. A.
2020. COVID-19 stressors on migrant
workers in Kuwait: cumulative risk
considerations. BMJ Global Health, 5(7),
e002995. https://doi.org/10.1136/b
mjgh-2020-002995
[68]Government of Canada. (2020).
Temporary Foreign Worker Program –




[69]Weitz J. S., Park S. W., Eksin C.,
and Dushoff J. 2020. Awareness-driven
behavior changes can shift the shape of
epidemics away from peaks and toward
plateaus, shoulders, and oscillations.
Proc. Natl. Acad. Sci. U S A 202009911.
Advance online publication. https://doi.
org/10.1073/pnas.2009911117.
[70]Hofbauer J. and Sigmund K. 1998.
Evolutionary Games and Population
Dynamics. Cambridge: Cambridge
University Press. pp. 352. doi:10.1017/
CBO9781139173179.
[71] Smith J. M. 1982. Evolution and the
Theory of Games. Cambridge University




[72]Deka A. and Bhattacharyya S. 2019.
Game dynamic model of optimal
budget allocation under individual
vaccination choice. Journal of
Theoretical Biology, 470, 108–118. h
ttps://doi.org/10.1016/j.jtbi.2019.03.014
[73]Martin R. L. 2018. Shocking Aspects
of Regional Development: Towards an
Economic Geography of Resilience In:
Clark G., Gertler M., Feldman M. P. and
Wójcik D., eds.,The New Oxford
Handbook of Economic Geography,
pp. 839–864. Oxford: Oxford University
Press.
[74] Gong H., Hassink R., Tan J., and
Huang D. 2020. Regional Resilience in
Times of a Pandemic Crisis: The Case of
COVID-19 in China. Tijdschrift voor
economische en sociale geografie.
10.1111/tesg.12447. https://doi.org/
10.1111/tesg.12447
[75] Lenzo V., Quattropani M. C.,
Musetti A., Zenesini C., Freda M. F.,
Lemmo D., Vegni E., Borghi L.,
Plazzi G., Castelnuovo G., Cattivelli R.,
Saita E., and Franceschini C. 2020.
Resilience Contributes to Low
Emotional Impact of the COVID-19
Outbreak Among the General
Population in Italy. Frontiers in
Psychology, 11, 576485. https://doi.org/
10.3389/fpsyg.2020.576485
[76] Vinkers, C. H., van Amelsvoort, T.,
Bisson, J. I., Branchi, I., Cryan, J. F.,
Domschke, K., Howes, O. D., Manchia,
M., Pinto, L., de Quervain, D., Schmidt,
M. V., and van der Wee, N. 2020. Stress




[77] Cheshmehzangi A. 2020.
Preparedness Through Urban
Resilience. The City in Need: Urban
Resilience and City Management in




Human Cultural Dimensions and Behavior during COVID-19 Can Lead to Policy Resistance…
DOI: http://dx.doi.org/10.5772/intechopen.96689
